Abstract-Recently, photovoltaic systems (PV) have gained tremendous attention as one of the most promising technology for harnessing renewable energy sources. However, the fluctuation of output voltage with time due to due irradiance variation is one of the major drawback of PV solar system. Thus, in this paper, we propose a buck-boost converter based on Arduino microcontroller to maintain the output voltage of PV system at a desired value by controlling the duty cycle of the converter using pulse width modulator (PWM). The proposed system has been tested using both simulation and prototype to prove effectiveness of our design and obtain a fixed voltage at the output of solar panel regardless of irradiation conditions. The obtained results show that the developed converter performed well and attained 12 V constant output voltage in both modes (buck and boost).
INTRODUCTION
The concern of environmental issue nowadays causing rising in demand of renewable energy that is cheaper and sustainable with less emission. Solar energy is considered a promising technology in harnessing renewable energy that considered cheaper and sustainable [1] [2] . However, the weather conditions and the fluctuation of sun irradiance are main limitations of this technology [3] [4] [5] . Photovoltaic systems (PV) is module that built in a form of array solar panel where harnessing solar energy take place. PV cell consists of multiple thin layers of silicon which is a semiconductor material that generates electrical charges when it is exposed to light. It is directly converts solar energy into DC electrical energy. The DC voltage is available at the terminals of a PV module and can directly feed various loads such as Battery, LED lighting, DC motors or it may connect to a grid via a proper power converter [6] [7] .
Energy consumption has become a big challenge with the emergence of Internet of Things [8] [9] . Electrical power converter is one of the main components in the PV system which plays a critical role in controlling consumed energy. It serves the aim of providing the desired form of output current (DC or AC) and transferring maximum power from the solar PV module to the load [10] . In addition, it is used to regulate the output voltage of PV system before connecting to the load [11] [12] . There are several types of DC/DC converters that can be utilized by PV system including buck converter, boost converter and buck-boost converter. Buck-boost converter (step-down and step-up) uses to control the output voltage and maintain it at a desired level regardless the variation in the input voltage. According to the duty cycle value, the output voltage of the buck-boost converter can be either higher or lower than the input voltage [13] . Therefore, this type of DC/DC converters can be used with PV system to achieve the desired output voltage in spite of the variation of sun radiation. If the generated voltage from the PV cell is low due to low irradiance, the converter will cork in the boost mode to stepup the output voltage. In contrast, if the generated voltage is higher than the desired voltage, the converter will switch to buck mode to step-down the output voltage, thus always maintains the voltage at the proper level. The switching of buck-boost converter between two mode of operation can be achieved by controlling the its duty cycle [14] [15] .
In this paper, we have designed and fabricated a buck-boos converter for PV solar system in order to regulate and maintain the output voltage of the system regardless the changing in the input voltage. An Arduino Mega microcontroller was used to control the Duty Cycle of the converter via Pulse Width Modulator (PWM) output from the Arduino to regulate the output voltage. The developed converter acts as an interface between the solar cell and the load. The main benefits of this system include the maximizing of transferring power from the PV system to the load while maintain a fixed output voltage at PV terminal for instrumentations which are sensitive to voltage variations. This study adopted the following methodology and contributions:
(i) Design and fabrication of a buck boost converter for PV solar system;
(ii) Implementation of Arduino-based controller for controlling the duty cycle of the developed converter to continuously adapt the mode of operation based on the variation of PV voltage;
(iii) Evaluating the performance of the developed system using both simulation and prototype and analysis of the obtained results to assure the switching between the operation modes of the converter (buck and boost) according to the input voltage.
The remaining part of this paper is structured as follows: The next section introduces the proposed system architecture and implementation. The results and discussion are introduced in Section III. Finally, a conclusion is drawn up in Section IV.
II. THE PROPOSED SYSTEM
The process of designing buck-boost converter can be divided into THREE (3) main stages, which are formulation theory, simulation design, and hardware fabrication of the prototype. In the formulation theory stages the value of capacitor, inductor and the switching frequency are determined based on finding from literature review on the equation that derived. Next in simulation stage, based on the value gathered in formulation stages, the simulation will be designed and conducted by using Multisim version 14.0 in order to evaluate the characteristic of output formed by using the data from the simulation part. When the simulation gives positive result, then the fabrication of prototype hardware components can be carried out according to the results that obtained from the simulation. The detailed research methodology phases are illustrated in flow chart (Fig. 1) . 
A. Buck-Boost Converter Design
In this section, will be explain more about theory part of back-boost DC-to-DC converter with complete formulation of components selection. The buck boost converter consists of one transistor, Q1 (e.g. MOSFET) as a main semiconductor power electronic switch and a freewheeling diode, Dm is connected in parallel to provide a current path when the switch is turned off. In addition, it includes two energy storage elements which are a capacitor, C and an inductor, L. The values of energy storage components play a crucial role in controlling the quality of converter output and should be chosen based on a specific formulation to maintain the required output characteristics. The values of capacitor and inductor will affect the ripple voltage and current respectively. The output voltage of the buck-boost converter can be either higher or lower than the input voltage. If duty cycle, k is more than 0.5, output voltage will be higher, whereas if cycle, k is less than 0.5, output voltage will be lower than the input voltage. The electrical circuit diagram of the buck-boost converter is described in Fig. 2 . Fig. 2 . Buck -Boost Converter Circuit [10] In this paper, the output desired voltage is 12 V with 5 A for testing load which is a DC motor. Based on the input voltage we have estimated the initial value of duty cycle, k to use it in the calculation of other parameters. The average output voltage can be estimated using the following formula [12] :
where Va is the average output voltage, Vs is the input voltage and k is the duty cycle of the converter. In our design, the desired output voltage is supposed to be 12 V, and the input voltage is 17.4 V which is the maximum output of the PV solar cell. These two voltages represent the initial conditions for our design and accordingly, the initial duty cycle, k is equal to 0.408. Table I lists the variation of duty cycle, k with changing of input voltages (PV cell output) based on (1). Basically, the switching frequency of pulse width modulation (PWM) has a real effect on the efficiency of DC/DC converters. If switching frequency, fs increases, the efficiency of the buck boost converter also increases. Thus, to choose a suitable PWM frequency for the buck boost converter, both power consumption and the efficiency of the system need to be considered. In our design, the switching frequency, fs was set to 60 kHz to minimize both ripple voltage and peak-to-peak ripple current, thus improve converter efficiency. Based on this frequency, the critical value of inductor was estimated as:
where fs is the switching frequency, R is the resistance of the load, and Lc is the critical value of the inductor and represents the minimum inductance that can be used with this converter. In this design, R is assumed to be 5.6 Ω based on the desired output voltage and supposed load, fs is set to 60 kHz, k is set to 0.408 (estimated from (1)), thus the minimum required inductance is 29.2 µH. The inductor value taken must be greater than critical inductor value, Lc for continuous current operation condition. Therefore, in the designed converter, we have used L= 100 µH.
After the estimation of inductor, we need to design the capacitor critical value for output voltage ripple not exceed 2 %. This is because decreasing output voltage ripple, ∆Vc will decrease distortion of the output voltage waveform. Using (3), we get the capacitor critical value, Cc as = = (3) With the aforementioned parameters, Cc should be greater than 30 µF. We select a much greater value for C (680 µF) in our design to smooth out the output voltage waveform. The suitable values and specification of components for the hardware implementation and Multisim simulation are shown in Table II . 
B. Simulation Design
According to the abovementioned formulation, the simulation layout and configuration of the developed converter was designed as depicted in Fig. 3 . In this study, Multisim Simulator [16] was utilized as a simulation tool. Multisim is the schematic capture and simulation program designed for schematic entry, simulation, and feeding to downstage steps, such as PCB layout. In our simulation, the time delay is set as 0 s and the time pulse period is set to 16.67µs to obtain 60 kHz switching frequency. Means, the switching ON and switching OFF time must equal to one period and their values are changed depending on the desired duty cycle. In other words, the value of pulse width is equal to duty cycle times with the PER. The simulation tests were conducted for three operating modes; buck, boost, and idle.
The obtained results from simulation experiments will be discussed in Section III. 
C. Prototype Fabrication
The materials used to fabricate the prototype of buckboost converter in this study are MOSFET IRF540N, diode 1N5408, inductor 100 µH, capacitor 680 µF, load (DC motor) and Arduino Atmega 328 microcontroller, in addition to PV Solar. Since Arduino is capable to read the analog value and provide the PWM output accordingly. In our prototype, Arduino was utilized to control the duty cycle for switching MOSFET (ON/OFF), and consequently controlling the output voltage of the PV solar panel with different inputs. The analogue ports (A0 -A5) are suitable to read the output voltage of the buck-boost converter via a suitable voltage divider. This voltage value representing a feedback control to PWM control system in order to change the duty cycle through the digital output ports for PWM output from Arduino. Software code for generating 60 kHz at the PWM output. There is a lot of electrical appliance that are very sensitive toward inconstant input voltage such as Light Emitting Diode (LED). Other than that, we have exploited a DC motor for testing purposes in our work due to simplicity in monitoring changes in motor's speed and sound due to fluctuation in its input voltage. The converter's components are connected as shown in Fig. 4 . Table III . 
III. RESULTS AND DISCUSSION
This section presents results of buck-boost converter operation in both simulation and practical prototype. The purpose of this part is to evaluate the performance of the buckboost converter circuit in performing buck and boost processes, the desired output from the buck boost converter is 12V. The objective is to obtained the desired output voltage which is 12 V. The results represent three mode of operation based on THREE (3) 
A. Boost Mode
Boost mode of buck-boost converter started when the duty cycle, k is more than 0.5, thus the converter steps-up the output voltage to be higher than input voltage and achieving the desired output. In order to test the developed converter in boost mode, 8 V input voltage was applied at the input terminal of the converter, thus Arduino PWM increased the duty cycle to become more than 0.5 which resulting in increasing the output voltage to 12 V. Simulation results are displayed in Fig. 6 (a) , when the input voltage is 8 V, the duty cycle is adjusted by set up the pulse width of switching voltage to 10.35 µs for a period of 16.6667 µs, the duty cycle became 0.6. At this duty cycle, the buck-boost converter converts 8 V input voltage to 12 V output. Fig. 6 (b) shows the practical result for boost mode for the same input voltage (8 V) . Herein Arduino has adjusted the duty cycle automatically via PWM output to attain the required output voltage (12 V) at all-time based on the feedback measured voltage. It is obvious that the buck-boost converter able to perform boost voltage process to ensure a fixed output voltage. Consequently, our converter can boost the lowest output voltage generated by the solar panel at lower radiation due to changing the angle of the sunlight to the solar panel plate during day time. 
B. Idle Mode
As shown in Fig. 7 (a, b) , simulation and practical results for ideal mode are consistent. The ideal mode happened when the input voltage and desired output voltage is almost same (12 V). The duty cycle in this case is close to 0.5 which can be achieved at 8.6 µs pulse width of 16.6667 µs time period. Output voltage is kept constant at 12 V in both simulation and practical results by controlling the switching circuit at the gate of MOSFET. The automatic adjustment of duty cycle is conducted by using Arduino which reads the output voltage of the converter and compares it with the desired voltage, thereby altering the PWM output (up or down). 
C. Buck Mode
The third voltage input that has been tested was 17.4 V, as the maximum expected output of the PV solar panel according to the tested solar panel ratings. In this situation, the process that involve in obtaining the desired output voltage is buck process. As shown in Fig. 8 (a, b) , the output results from the buck-boost converter recorded is 12 V with duty cycle of 0.42 (Less than 0.5) at pulse width of 7.02 µs. This duty cycle is a little bit higher than the theory calculation of k which was 0.408 as estimated in Section II. This mode of operation for buck-boost converter is useful during pick time when the angle of the sunlight can be considered as almost 90 0 to the solar panel plate and the generated voltage output by the PV solar system is maximum. In such cases, the Arduino decreases the PWM duty cycle, thereby reducing the output voltage to the desired value (12 V).
Overall, the voltage output generated by PV system was changing overtime. This is because of the solar radiation received by the solar panel, and it is influenced by the weather condition at that specific time. Basically in Malaysia, the amount of radiation of sunlight received is high as it located near the equator. Thus, during day time (10 am -2 pm), the buck-boost converter will operate in buck-mode to step-down output voltage of solar cell. However, the cloud formation that influenced by the natural land structure can limit the amount of solar radiation received, and decreases the output voltage, thus the converter will easily switch to boost mood to rise the output voltage using auto-adjusted PWM output from Arduino. 
IV. CONCLUSIONS
In this paper, we have developed an Arduino-based BuckBoost converter to avoid the high thermal losses and poor efficiency of the existing linear voltage regulators. The designed converter can provide sensitive instrumentations with a fixed output voltage from the PV solar system at all times. The design and fabrication of the converter were carried out using simulation and prototype. The obtained results prove the system efficiency, accuracy and cost effectiveness. The potential market of the developed voltage controller including but not limited to renewable energy industry, DC motors drive circuits and battery power systems.
